We evaluated two kinetic methods for determining total amylase activity and isoenzyme composition in serum. Stability studies of reagents for measuring total activity indicate that reagents containing 4-nitrophenyl-a-glucosides or enzyme-linked reagents can be stored only for seven days at 4#{176}C. Methods based on 4-nitrophenyl-a-gtucoside substrates cannot be used if the reagent absorbance at 405 nm exceeds 2. However, in the a-amylase EPS method (Boehringer Mannheim) an ethylidene-protected 4-nitrophenyl-a-omaltoheptaoside substrate is stable for up to 28 days after reconstitution. Further studies indicated that the Amylase-DS'" (Beckman) and the a-Amylase EPS standard curves are linear to at least six times the upper limit of the reference interval. Within-batch imprecision (CV <1.1%) and betweenbatch imprecision (CV <3.3%) for these two methods are comparable with those for other kinetic methods, and there is excellent correlation (r2 -0.983) between the two methods. The reference interval, determined by use of samples from 90 healthy blood donors, is 31 to 141 U/L for the amylase-DS method, 22 to 92 U/L for the a-Amylase EPS method. We also used these two methods to measure amylase isoenzymes after inhibiting the salivary isoenzyme with either a lectin or a monoclonal antibody. We found the monoclonal antibody method more specific than the lectin inhibition method for determining the isoenzymes. )-maltoheptaoside, Et-G7-PNP) reportedly is not hydrolyzed in water or other solutions at neutral pH (9, 10). We have evaluated a method based on the use of this substrate and have compared the results with a method in which maltotetraose is the substrate and product formation is measured with the enzymes maltose phosphorylase, /3-phosphoglucomutase, and glucose 6-phosphate dehydrogenase (11).
Of the numerous methods (1-3) described for measurement of a-arnylase (EC 3.2.1.1; 1,4-a-D-glucan glucanohydrolase), many of the most recent involve oligosaccharides of defined chain length as substrate and have been adapted to automated instruments (4, 5) . Several of the substrates have a 4-nitrophenyl group at the reducing end, which is released as an indicator of the reaction (5) (6) (7) (8) . Hydrolysis of these substrates in solution limits their shelf4ife after reconstitution. A new substrate, chemically modified by the addition of an ethylidene group (ethylidene-protected 4-nitrophenyla,I)-maltoheptaoside, Et-G7-PNP) reportedly is not hydrolyzed in water or other solutions at neutral pH (9, 10). We have evaluated a method based on the use of this substrate and have compared the results with a method in which maltotetraose is the substrate and product formation is measured with the enzymes maltose phosphorylase, /3-phosphoglucomutase, and glucose 6-phosphate dehydrogenase (11) .
In addition, it is sometimes desirable to measure one or more of the isoenzymes of a-amylase in biological fluids and tissues. Many of the methods available for separating these isoenzymes are laborious and time-consuming (e.g., electroDivision of Clinical Chemistry, Institute of Medical and Veterinary Science,Frome Road,Adelaide, S.A. 5000, Australia.
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phoresis, chromatography, isoelectric focusing), which makes them unsuitable for routine use. For routine clinical situations, only the salivary and pancreatic isoenzymes need to be distinguished, and rapid methods for this have been developed. For some years, a method has been available in which wheat-germ lectins are used to selectively inhibit the salivary isoenzyme (12,13). However, the inhibition is incomplete, and standards must be assayed for each assay run. Recently, a method has become available in which a monoclonal antibody is used to inhibit the salivary isoenzyme with negligible cross-reaction with the pancreatic isoenzyme (14,15). Inhibition of the salivary isoenzyme is reportedly -90% (15). Here, we report a comparative study of these two methods for determining the pancreatic isoenzyme of amylase in serum. In addition, we have determined the reference intervals for these two isoenzymes in serum from presumably healthy blood donors.
Materials and Methods
The activity of cr-amylase was determined at 37#{176}C in a Cobas Bio centrifugal analyzer (Hoffmann-La Roche & Co. Ltd., Basel, Switzerland).
The kit based on the use of Et-G7-PNP as substrate (cs-Amylase EPS) was obtained from Boehringer Mannheim Australia Pty. Ltd., Sydney, Australia. After an initial lag of 2 mm, analysis was performed at 405 nm over a 4-mm period. Ten microliters of sample was assayed in a total reaction volume of 280 1zL.
The Amylase-DS kit in which maltotetraose is the substrate was obtained from Beckman Instruments (Aust.) Pty. Ltd., Sydney, Australia. After an initial lag of 5 mm, analysis was performed at 340 nm over a 4-mm period. Twelve microliters of sample was assayed in a total reaction volume of 302 ML.
The stability of various amylase reagents was determined by preparing them according to manufacturers' instructions, then storing them in the dark, either at room temperature or at 4#{176}C. On the required day, we assayed eight patients' sera, using the stored reagents and freshly prepared Amylase-DS reaction.
The slope of the line was calculated by plotting the activities of the samples obtained from the stored kits against those obtained with the fresh reagent and is a measure of the stability of the reagent.
For these stability studies, we also included the PAN-TRAK" amylase reagent (Behring Diagnostics Australia Pty. Ltd., Sydney, Australia), which has p-nitrophenyl-amalt.opentaoside and p-nitrophenyl-a-maltohexaoside as substrates, and the a-Amylase PNP method (Boehringer Mannheim), which has p-nitrophenyl-a-n-maltoheptaoside as the substrate. In the monoclonal antibody kit (Pancreatic a-Amylase EPS; Boehringer Maxmheim), incubation of the sample with antibody inhibits the salivary isoenzyme of amylase. Substrate (Et-G7-PNP) is then added and the residual activity is measured (17) . For assay in the Cobas Bio, 15 MLof sample was incubated for 5 min with 0.28 mL of reagent, 25 iL of substrate was then added and, after a further lag period of 3 min, the reaction was monitored for 4 mm, at 405 urn. For the lectin-inhibition method, two volumes of sample were incubated with one volume of lectin for 30 min at room temperature.
The residual activity was then determined by either the a-Amylase EPS or the Amylase-DS method. The activity of each isoenzyme in the sample can then be determined by using the standards that are included in each assay run (16).
Results

Methods for Total Amylase Activity
Reagent stability. The stability of amylase kits was determined because, for the lectin inhibition method, any reliable method can be used to measure activity. Figure 1 shows the stability of reconstituted reagents when stored at 4#{176}C and at room temperature (22 #{176}C) over 28 days. The a-Amylase EPS reagent was the most stable and, even when stored at room temperature, could be used successfully for up to seven days. The PANTRAK kit could be used for three days when stored at room temperature but then deteriorated rapidly. The Amylase-DS and the a-Amylase PNP kits were stable for only about 24 h. A similar stability pattern was observed for the reagents stored at 4#{176}C, except that they were all stable for seven days. After this time, the Amylase-DS and the a-Amylase PNP kits deteriorated rapidly, the PAN-TRAK kit deteriorated slowly over the whole storage period, and the a-Amylase EPS reagent kit was stable for the 28 days. In addition, for the kits that have a p-nitrophenyl substrate, the reagent absorbance at 405 nm was inversely proportional to the stability of the kits, and if the absorbance became >2, the reagent was discarded. When the Amylase-DS reagent could not be used to measure activity, it was very turbid.
Range of linearity. All kits were linear to at least six times the upper limit of normal, which is considered to be adequate for use in the laboratory.
Precision and comparison of methods. Because the aAmylase EPS method was the most stable of those that had a p-mtrophenyl phosphate substrate, and the Amylase-DS method monitored the reaction with an enzymatic reaction sequence, comparative studies were carried out only on these methods. Table 1 summarizes results of imprecision studies on two serum controls having normal and abnormal amylase concentrations. The results are comparable with those reported previously for kits involving the maltote- 18) . We compared the a-Amylase EPS method (y) and the Amylase-DS method (x) by assaying 90 serum samples with amylase activities ranging from 13 to 1000 U/L. The equation of the regression line is y = 0.72x -1.60. The slope of the regression line differs significantly from unity because the substrates for the two assay systems are different and do not react with the enzyme at the same rate. The coefficient of correlation (r2 = 0.983) and the standard error estimate of the regression line (S = 17.13) show that the results for these methods compare well.
Interferences. We examined some analytes that are in serum and that might interfere with determination of enzymic activity. Both methods were unaffected when bilirubin was added to give a final concentration of 110 zmo1/L. No interference was observed in the presence of lipemia, with triglyceride concentrations up to 30 mmol/L. However, above this concentration, the a-Amylase EPS method was affected, and a concentration of 65 mmol/L resulted in a 33% decrease in measured amylase activity. We saw major interference with the a-Amylase EPS method when the sample was hemolyzed, particularly noticeable for samples with low activity. The results of adding increasing amounts of hemolysate to a low activity sample (-40 U/L) and a high activity sample (-1000 U/L) are shown in Figure 2 . Hemolysis should be avoided where possible.
Reference intervals. The reference interval for serum was determined by using sera collected from 45 women and 45 men, all apparently healthy, 19 to 64 years old. Table 2 summarizes the reference interval, as determined by nonparametric methods (19), and, as expected, the upper limit of the reference interval is higher for the Amylase-DS assay method by a factor equivalent to the slope of the regression line in the comparative study.
Ag. 1. Stability of am1ase reagents when stored at 4#{176}C (A) and at room temperature ( The reagentswere reconstituted on day 0 accordingto the manufacturers inst,uctions, andthe stabilitywasdetermined as described in the text The kits studiedwere a-AmylaseEPS 
lsoenzyme Methods
Specificity. The specificity of the two isoamylase kits was determined by measuring the activity of serial dilutions of salivary amylase and partly purified pancreatic amylase. The monoclonal antibody method inhibited the salivary isoenzyme by at least 96%, the lectin method by 88%. The monoclonal antibody did not cross-react with the pancreatic isoenzyme, but the lectin caused -9% inhibition of this isoenzyme. The inhibition of the salivary isoenzyme by the monoclonal antibody method is greater than previously reported (15) . In that study it was recommended that the results be calculated, taking into account the degree of inhibition, but because of the high specificity obtained in this study our results did not warrant such a calculation.
Comparison of methods. it is possible to determine the isoenzyme proportions in serum by using lectin inhibition in combination with either the a-Amylase EPS or Amylase-DS amylase method, and the monoclonal antibody method in combination with the a-amylase EPS kit only. The monoclonal antibody is supplied in a form that cannot be used with other measurement systems. Table 3 summarizes results of the patient comparison on the 90 serum samples used to measure total activity. The statistical analysis of the results indicates that the three methods compared adequately. When either of the EPS methods for measuring activity is compared with the Amylase-DS method, the slope is the same as determined in the comparative study of total activity. When the EPS method is used to measure activity with both the lectin inhibition and monoclonal antibody methods, the slope is 1, indicating that both methods give comparable results.
A useful way to express isoenzyme results is to report the proportion of the pancreatic isoenzyme in serum as a percentage of the total activity. The comparison of these percentages is shown in Table 3 , and results are similar to those for the pancreatic isoenzyme activity. However, it should be pointed out that for 6% of the samples the pancreatic isoenzyme exceeded 100% of the total. The highest value was 130% of the total activity and was not dependent on the method used to determine the pancreatic fraction. These high results do not appear to be ascribable to the presence of macroamylase. Clinically, these high results do not create a problem, because it is clear that the overwhelming majority of the amylase activity was the pancreatic isoenzyme. AU these samples had increased activity, and the phenomenon was not observed with the specimens used to determine the reference interval.
Reference interval. The reference interval for isoenzyme activity in serum was determined by using the samples on which the reference interval for total amylase activity was determined.
The results (Table 2) show that, as expected, the upper limit of normal is greatest for the activity determined with the Amylase-DS assay method. From the results for the pancreatic isoenzyme, it could be inferred that this isoenzyme constitutes about half of the total activity, although for some samples, the ratio for the pancreatic isoenzyme to total activity is as high as 0.95.
Discussion
The determination of aniylase activity in serum is an accepted test for the diagnosis of acute pancreatitis and obstruction of the pancreatic duct. In some laboratories, amylase measurements are an emergency test and, because of the small numbers requested, one reconstituted reagent may need to be used for a number of days. Studies on the stability of various amylase kits has shown that most cannot be used after seven days of storage at 4#{176}C. However, the a-Amylase EPS kit in which an ethylidene protected 4-nitrophenyl-a,n-maltoheptaoside substrate is used, is stable for up to 28 days when stored at 4#{176}C. Our results indicate that none of these reagents should be stored at room temperature.
The specific measurement of the pancreatic isoenzyme of amylase aids in the diagnosis of acute pancreatitis. Two methods currently are available in which the salivary isoenzyme is inhibited and the residual (pancreatic) isoenzyme activity then measured. As indicated by others (12, 16), we have shown that the lectin-inhibition method is not specific for the salivary isoenzyme, and this method requires that standards be assayed before the isoenzyme fractions can be determined. The monoclonal antibody method is more specific, does not cross-react with the pancreatic isoenzyme, and inhibits the salivary isoenzyme by 96%. This method also does not require a pro-incubation step, and thus the isoenzyme composition of the sample can be determined immediately, making this method suitable for an emergency laboratory. In the present study, a few samples did not react normally with either the lectin or the monoclenal antibody and gave apparent pancreatic isoenzyme activities greater than the total activity. The reason for this is unknown, but it occurs in specimens that have abovenormal activity, preponderantly of pancreatic origin. . Sodium bicarbonate causes a suspiciously high pH in the urine, NaHCIO4 an apparently low pH (using pH paper).
A major issue in programs for testing urine for drugs of abuse is the development of a collection process that will ensure the integrity of the specimen. In no other type of laboratory testing does the person being tested have both Because of the opposition to witnessed collection, other approaches are needed to eliminate specimen switching or adulteration.
Procedures for identifying or eliminating specimen tampering at the collection site include requiring removal of all outer bulky garments and purses, or use of an examining gown; coloring of the water in the toilet; and collecting the not only can assist in identifying specimens that may not be the subject's urine (urine kept in a plastic bag taped to the body will not achieve the normal temperature range of 96.4-100.4 #{176}F), but also makes it difficult for the subject to add liquid adulterants, because it takes 1-2 mm for the temperature to equilibrate. Further, the size of the container, approximately 85 mL, precludes adding solid adulterants and easily getting them into solution. At the time the collection person pours the urine into the transport container, adulteranta such as isopropanol or sodium hypochiorite can be detected by smell, even if they have not already interfered with the temperature reading. Use of solid adulterants may be detected by the presence of residues in the container. Pre-analytical checks of pH and relative density will identify samples adulterated with sodium chloride, sodium hypochlorite, and sodium bicarbonate.
